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IGFBP-3Abstract Insulin-like growth factor binding protein-3 (IGFBP-3) gene is a structural gene respon-
sible for the multiple inﬂuences of insulin-like growth factors (IGFs) system. It is considered as a
candidate gene for growth and production traits. In the present study, we aimed to determine
the genetic polymorphism of Egyptian cattle IGFBP-3 gene.
The ampliﬁed fragment of cattle IGFBP-3 gene at 651-bp was digested with three different
endonucleases; HaeIII, MspI and TaqI. The digestion of the PCR products with MspI and TaqI
endonucleases revealed similar restriction patterns in all tested animals.
Digestion of the PCR product with HaeIII restriction enzyme revealed three different genotypes
in Egyptian cattle due to the presence of two alleles; allele A with 7 digested fragments resulting
from the presence of 6 restriction sites and allele C with 8 digested fragments resulting from the
presence of 7 restriction sites; six sites as allele A in the addition of another restriction site at posi-
tion 298^299 as a result of SNP (Aﬁ C) in C allele at position 299. The restriction patterns of
IGFBP-3/HaeIII showed that forty-six examined animals are genotyped as AA, CC and AC with
frequencies of 21.74%, 21.74% and 56.52%, respectively.
It is concluded that the IGFBP-3/HaeIII polymorphism may be utilized as a good marker for
genetic differentiation between cattle animals for different body functions such as growth, metab-
olism, reproduction, immunity and energy balance. The nucleotide sequences of Egyptian cattle
IGFBP-3 A and C alleles were submitted to GenBank with the accession numbers KF899893
and KF899894, respectively.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &
Technology.1. Introduction
Insulin-like growth factor binding proteins (IGFBPs) belong
to a family of at least six homologous proteins that bind insu-
lin-like growth factors (IGFs) and modulate many of their bio-
logical actions. IGFBP-3 is used as a marker for different body
Figure 1 Ethidium bromide-stained gel of PCR products repre-
senting ampliﬁcation of IGFBP-3 gene in Egyptian cattle. Lane
M: 100-bp ladder marker. Lanes 1–4: 651-bp PCR products
ampliﬁed from Egyptian cattle DNA.
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and energy balance [19]. Due to the key role of IGFBP-3 in
growth and development of animals, the IGFBP-3 gene is con-
sidered as a candidate gene and a good marker for growth and
production traits. The polymorphism in IGFBP3 gene has
been studied in different livestock such as pig, cattle, buffalo
and goat for its association with economic traits [12,27,28].
The bovine gene IGFBP3 is located in the chromosome 4
[15] and its mRNA is 1.65 kb in length [32]. The full length
of the IGFBP3 gene is 8.9 kb and it contains ﬁve encoding
exons [16]. Nucleotide sequences of the IGFBP3 gene have
been determined in cattle [10,22,31,33].
Polymorphic studies and nucleotide sequencing of IGFBP-
3 gene have been reported in cattle [10,22,33], buffalo [18,28],
sheep [17] and goat [20,21]. The association of the IGFBP3
genotypes with production traits has been reported in cattle
[4].
Cattle are economically and potentially great animals in
Egypt; They are one of the main sources of milk and meat.
The improvement of Egyptian cattle productivity has been
dependent on DNA and genetic markers that are associated
with different productivity traits of economic importance to
promote more efﬁcient and relatively easy selection of Egyp-
tian cattle through marker-assisted selection. Due to the multi-
ple roles of IGFBP-3 gene in growth performances, the present
study was conducted to determine the genetic polymorphism
of Egyptian cattle IGFBP-3 gene using the PCR-RFLP tech-
nique and to identify the single nucleotide polymorphism in
this gene.
2. Materials and methods
2.1. Animals and DNA extraction
Blood samples were collected from forty-six animals of healthy
Egyptian cattle. Genomic DNA was extracted from the whole
blood according to the method described by Miller et al. [24]
with minor modiﬁcations. Brieﬂy, Blood samples were mixed
with cold 2· sucrose-triton and centrifuged at 5000 rpm for
15 min at 4 C. The nuclear pellet was suspended in lysis buf-
fer, sodium dodecyl sulfate and proteinase K and incubated
overnight in a shaking water bath at 37 C. Nucleic acids were
extracted with saturated NaCl solution. The DNA was picked
up and washed in 70% ethanol. The DNA was dissolved in 1·
TE buffer. DNA concentration was determined, using a Nano
Drop1000 Thermo Scientiﬁc spectrophotometer, and then
diluted to the working concentration of 50 ng/ll, which is
suitable for polymerase chain reaction.
2.2. Polymerase chain reaction (PCR)
The DNA fragment of the studied gene was ampliﬁed through
the polymerase chain reaction technique developed by Mullis
et al. [25]. This ampliﬁed fragment covered a part of exon 2,
intron 2, exon 3 and a part of intron 3. A PCR cocktail con-
sists of 1.0 M upper and lower primers [22], 0.2 mM dNTPs
and 1.25U of Taq polymerase. The cocktail was aliquot into
PCR tubes with 100 ng of cattle DNA. The reaction was cycled
with the following conditions; initial denaturation for 5 min at
94 C followed by 35 cycles of denaturation at 94 C,
annealing at 60 C and extension at 72 C, each step for1 min and the ﬁnal extension for 5 min at 72 C. The ampliﬁ-
cation was veriﬁed by electrophoresis on 2% agarose gel (w/
v) in 1· TBE buffer using GeneRuler 100-bp ladder as a
molecular weight marker for conﬁrmation of the PCR product
length. The gel was stained with ethidium bromide and visual-
ized on UV trans-illuminator.
Forward primer: 50-CCAAGCGTGAGACAGAATAC -30
Reverse primer: 50-AGGAGGGATAGGAGCAAGAT -30
2.3. Restriction fragment length polymorphism (RFLP)
The PCR products were digested using 3 different restriction
enzymes; HaeIII, TaqI and MspI (Fermentas). Ten ll of
PCR product was digested with 1 ll of FastDigest restriction
enzymes for 5 min at 37 C for HaeIII and MspI restriction
endonucleases and at 65 C for TaqI enzyme. The restriction
fragments were subjected to electrophoresis in 2% agarose/
ethidium bromide gel (GIBCO, BRL, England) in 1· TBE buf-
fer (0.09 M Tris-boric acid and 0.002 M EDTA). Gels were
visualized under UV light and documented in FX Molecular
Imager apparatus (BIO-RAD).
2.4. Sequence analysis
The PCR products for each genotype of the tested gene were
puriﬁed and sequenced by Macrogen Incorporation (Seoul,
Korea). Sequence analysis and alignment were carried out
using NCBI/BLAST/blastn suite. Results of endonuclease
restriction were carried out using FastPCR. The nucleotide
sequence of the tested gene in Egyptian cattle was submitted
to GenBank (NCBI, BankIt).
3. Results and discussion
IGFBP-3 gene is a structural gene responsible for the multiple
inﬂuences of insulin-like growth factors (IGFs) system; an
evolutionarily conserved signaling pathway. The IGFs signal-
ing system, which composed of IGF-I, IGF-II, IGF-IR,
IGF-IIR and six binding proteins (IGFBP-1 to IGFBP-6),
Figure 2 MspI restriction pattern of Egyptian cattle IGFBP-3
gene. Lane M: 100-bp ladder marker. Lanes 1–4: Homozygous
genotype showed two restricted fragments at 506- and 145-bp.
Figure 4 TaqI restriction pattern of Egyptian cattle IGFBP-3
gene. Lane M: 100-bp ladder marker. Lanes 1–4: Homozygous
genotypes showed two restricted fragments at 411- and 240-bp.
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tion as well as ageing [2,7,11]. Besides, the IGFBP-3 has also
been documented to have a role in immune function of the
animals [13,26,29]. Polymorphic studies and nucleotide
sequencing of IGFBP-3 gene have been reported in cattle
[3,22] and in buffalo [28]. The objective of the present work
was to study the genetic polymorphism of Egyptian cattle
IGFBP-3 gene using PCR-RFLP and its associated single
nucleotide polymorphism in this gene.
The primers used in this study ﬂanked a 651-bp covering a
part of exon 2, intron 2, exon 3 and a part of intron 3 of Egyp-
tian cattle IGFBP-3 gene. The ampliﬁed fragments obtained
from all tested cattle DNA were at the expected size; 651-bp
(Fig. 1).
These PCR ampliﬁed fragments (651-bp) were digested
with three different endonucleases; HaeIII, MspI and TaqI.
The digestion of the PCR products with MspI endonuclease
revealed similar restriction patterns in all tested animals result-
ing from the presence of one restriction site C^CGG at posi-
tion 506^507 and yielding two fragments of sizes at 506- and
145-bp. (Figs. 2 and 3).
Digestion of PCR product with TaqI endonucleases
revealed similar restriction patterns in all tested animals result-
ing from the presence of one restriction site T^CGA at posi-
tion 411^412 and yielding two fragments of sizes at 411- and
240-bp (Figs. 4 and 5).
Digestion of PCR product with HaeIII restriction enzyme
revealed the presence of three different genotypes in EgyptianCCAAGCGTGAGACAGAATACGTGAGAGC
GGGCCACCTGGCCTGGGTATCCAGAGATC
CCAGCAGTTACTCCAGTGGTCCTGCTGAT
TTACAGAAGGGATATTGACCCTCCCCTAT
GCACTGCTCTCCAGGCCTCGGCTGGGCAG
TCTTTTTGTCACTTGGCCTCTGAGTGTCCT
CCTGTAGCTTGCCCTGGGGAATCACAAGA
GCACAGGAACGGTGACAACTAAATCAGA
GTCAGTTCCCTGGGCGTCACAGGGTTTTA
CGTGCCTCCTCCCCAGGGGCCCTGCCGC^
CACCTCAAGTTCCTGAACATGCTCAGCCC
GACAAGAAGGGCTTCTACAAGAAAAAGC
CTCCTATCCCTCCT
Figure 3 Result of endonuclease restriction with MspIcattle: homozygous AA genotype with 7 restricted fragments,
homozygous CC genotype with 8 restricted fragments and
heterozygous AC genotype with 9 restricted fragments
(Fig. 6).
These three different genotypes resulted due to the presence
of two alleles. Allele A (accession number KF899893) with 7
digested fragments of sizes at 215-, 164-, 154-, 56-, 36-, 18-
and 8-bp resulting from the presence of 6 restriction sites in
this allele (Fig. 7). Allele C (accession number KF899894) with
8 digested fragments of sizes 199-, 164-, 154-, 56-, 36-, 18-,
16- and 8-bp resulting from the presence of 7 restriction sites
(Fig. 8); six sites as allele A in the addition of another
restriction site at position 298^299 as a result of SNP
(Aﬁ C) in C allele at position 299 (Fig. 9).
The results showed that, ten animals out of forty-six
examined Egyptian cattle (21.74%) are genotyped as AA
where their restriction pattern with HaeIII possesses 7
digested fragments whereas another ten animals (21.74%)
are genotyped as CC where their restriction pattern pos-
sesses 8 digested fragments. On the other hand, twenty-six
animals (56.52%) are genotyped as AC heterozygous pat-
terns with 9 digested fragments whereas the allele frequen-
cies for A and C allele are identical and equal 50% for
each of them.
As one of six related proteins that modify IGF bioac-
tivity in complex [14,30,34], both inhibiting and enhancingTTTTCCTCTTGCTGATGTGGGGGTG
ACAGGGTCACCATTACTCAAGAGC
GCACCAAGCAGCTGCAAGCCCTTCC
GGCAGAGATCCCAGGAGAATCAGT
AGCAGTGTTCTCACAAAGCTGGCC
GGA/CCTGTGTGTCCCTGTCCCAGT
GAGACAGGGCTGTGGTTGGCATCT
CAAAAGATACTCGAGGAGCACGTG
TCAGACACAGAGTTCCCAGGTAACC
CGGGAAATGGAAGACACGCTGAAC
CAGGGGCATCCACATTCCCAACTGC
AGGTGAGCACCATCCAAGCATCTTG
using FastPCR A/C: Single nucleotide substitution.
CCAAGCGTGAGACAGAATACGTGAGAGCTTTTCTTCTTGCTGATGTGGGGGTG
GGGCCACCTGGCCTGGGTATCCAGAGATCACAGGGTCACCATTACTCAAGAGC
CCAGCAGTTACTCCAGTGGTCCTGCTGATGCACCAAGCAGCTGCAAGCCCTTCC
TTACAGAAGGGATATTGACCCTCCCCTATGGCAGAGATCCCAGGAGAATCAGT
GCACTGCTCTCCAGGCCTCGGCTGGGCAGAGCAGTGTTCTCACAAAGCTGGCC
TCTTTTTGTCACTTGGCCTCTGAGTGTCCTGGA/CCTGTGTGTCCCTGTCCCAGT
CCTGTAGCTTGCCCTGGGGAATCACAAGAGAGACAGGGCTGTGGTTGGCATCT
GCACAGGAACGGTGACAACTAAATCAGACAAAAGATACT^CGAGGAGCACGT
GGTCAGTTCCCTGGGCGTCACAGGGTTTTATCAGACACAGAGTTCCCAGGTAA
CCCGTGCCTCCTCCCCAGGGGCCCTGCCGCCGGGAAATGGAAGACACGCTGAA
CCACCTCAAGTTCCTGAACATGCTCAGCCCCAGGGGCATCCACATTCCCAACTG
CGACAAGAAGGGCTTCTACAAGAAAAAGCAGGTGAGCACCATCCAAGCATCTT
GCTCCTATCCCTCCT
Figure 5 Result of endonuclease restriction with TaqI using FastPCR A/C: Single nucleotide substitution.
CCAAGCGTGAGACAGAATACGTGAGAGC
GGG^CCACCTGG^CCTGGGTATCCAGAG
GCCCAGCAGTTACTCCAGTGGTCCTGCTG
CCTTACAGAAGGGATATTGACCCTCCCCT
GTGCACTGCTCTCCAGG^CCTCGGCTGGG
G^CCTCTTTTTGTCACTTGG^CCTCTGAG
AGTCCTGTAGCTTGCCCTGGGGAATCACA
TCTGCACAGGAACGGTGACAACTAAATC
GTGGTCAGTTCCCTGGGCGTCACAGGGTT
ACCCGTGCCTCCTCCCCAGGGG^CCCTGC
AACCACCTCAAGTTCCTGAACATGCTCAG
CTGCGACAAGAAGGGCTTCTACAAGAAA
TCTTGCTCCTATCCCTCCT
Figure 7 Result of endonuclease restriction
CCAAGCGTGAGACAGAATACGTGAGAGC
GGG^CCACCTGG^CCTGGGTATCCAGAG
GCCCAGCAGTTACTCCAGTGGTCCTGCTG
CCTTACAGAAGGGATATTGACCCTCCCCT
GTGCACTGCTCTCCAGG^CCTCGGCTGGG
G^CCTCTTTTTGTCACTTGG^CCTCTGAG
CAGTCCTGTAGCTTGCCCTGGGGAATCAC
ATCTGCACAGGAACGGTGACAACTAAAT
CGTGGTCAGTTCCCTGGGCGTCACAGGGT
AACCCGTGCCTCCTCCCCAGGGG^CCCTG
GAACCACCTCAAGTTCCTGAACATGCTCA
ACTGCGACAAGAAGGGCTTCTACAAGAA
ATCTTGCTCCTATCCCTCCT
Figure 8 Result of endonuclease restrictio
Figure 6 HaeIII restriction pattern of Egyptian cattle IGFBP-3
gene. Lane M: 100-bp ladder marker. Lanes 1 and 2: Heterozygous
AC genotypewith 9 restricted fragments at 215-, 199-, 164-, 154-, 56-,
36-, 18-, 16- and 8-bp.Lanes 3 and 4:HomozygousAAgenotypewith
7 restricted fragments at 215-, 164-, 154-, 56-, 36-, 18- and 8-bp. Lanes
5 and 6: Homozygous CC genotype with 8 restricted fragments at
199-, 164-, 154-, 56-, 36-, 18-, 16- and 8-bp. The restriction fragments
with sizes 56-, 36-, 18-, 16- and 8- bp have not been seen on the gel.
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[6,8,9,23]. Therefore concentrations of IGFBPs are poten-
tial indicators of IGF-I status and may provide insight
into an animal’s growth or carcass potential. Moreover,
production of IGFBP-3 is stimulated by growth hormone
(GH) [1,5], suggesting that animals with increased body
weight may exhibit increased IGFBP-3 due to endogenous
GH activity.
Due to the multifunctional activity of IGFBP-3, it is con-
sidered as a candidate gene and a good marker for growth
and production traits and subsequently the study of its poly-
morphism in farm animal became very interesting. In this
study, we used three restriction enzymes to detect the polymor-
phism of IGFBP-3 in Egyptian cattle. Two of them; MspI and
TaqI, indicated similar restriction patterns in all tested animals
whereas the HaeIII gave three different genotypes depending
on the presence of two different alleles; A and C resulting from
the single nucleotide substitution (Aﬁ C) at position 299 in
intron 2 of IGFBP-3 gene.TTTTCCTCTTGCTGATGTGGGGGTG
ATCACAGGGTCACCATTACTCAAGA
ATGCACCAAGCAGCTGCAAGCCCTT
ATGGCAGAGATCCCAGGAGAATCA
CAGAGCAGTGTTCTCACAAAGCTG
TGTCCTGGACTGTGTGTCCCTGTCCC
AGAGAGACAGGGCTGTGGTTGGCA
AGACAAAAGATACTCGAGGAGCAC
TTATCAGACACAGAGTTCCCAGGTA
CGCCGGGAAATGGAAGACACGCTG
CCCCAGGGGCATCCACATTCCCAA
AAGCAGGTGAGCACCATCCAAGCA
with HaeIII (allele A) using FastPCR.
TTTTCTTCTTGCTGATGTGGGGGTG
ATCACAGGGTCACCATTACTCAAGA
ATGCACCAAGCAGCTGCAAGCCCTT
ATGGCAGAGATCCCAGGAGAATCA
CAGAGCAGTGTTCTCACAAAGCTG
TGTCCTGG^CCTGTGTGTCCCTGTCC
AAGAGAGACAGGGCTGTGGTTGGC
CAGACAAAAGATACTCGAGGAGCA
TTTATCAGACACAGAGTTCCCAGGT
CCGCCGGGAAATGGAAGACACGCT
GCCCCAGGGGCATCCACATTCCCA
AAAGCAGGTGAGCACCATCCAAGC
n with HaeIII (allele C) using FastPCR.
Figure 9 Single nucleotide polymorphism (Aﬁ C) in ampliﬁed
fragment of Egyptian cattle IGFBP-3 at position 299.
Genetic polymorphism of Egyptian cattle IGFBP-3 gene 147It is concluded that the IGFBP-3/HaeIII polymorphism
may be utilized as a marker for genetic differentiation between
cattle animals for different body functions such as growth,
metabolism, reproduction, immunity and energy balance. In
this study, we did not follow previous reports for the nomen-
clature of different alleles and we nominated the detected
alleles A and C according to single nucleotide substitution
(Aﬁ C) and it is more meaningful nomenclature.
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